; 75% of all psychiatric disorders begin before age 24 (Kessler et al., 2005) . Therefore, understanding the neurobiological origin of mental illness is predicated upon knowledge of how the brain develops normally, and how abnormal brain development mediates vulnerability to psychiatric symptoms (Insel, 2009) . Accordingly, data regarding how both genetics and the environment "bend the curve" of brain development to confer both risk and resilience are of paramount importance. Such an endeavor requires largescale samples with data that spans multiple levels of analysis, including genetics, neuroimaging, as well as psychiatric and cognitive assessment.
In response to this challenge, as part of the American Reinvestment and Reconstruction Act of 2009, the National Institutes of Mental Health funded an ambitious two-year collaborative study between the Center for Applied Genomics (CAG) at the Children's Hospital of Philadelphia (CHOP; PI: Hakon Hakonarson) and the Brain Behavior Laboratory at the University of Pennsylvania (Penn, PI: Raquel E. Gur). The study design leveraged existing resources at CAG, including a subject pool of approximately 50,000 children, adolescents, and young adults who had previously been genotyped and had provided consent to be re-contacted for future research. As part of the Philadelphia Neurodevelopmental Cohort (PNC), 9428 children ages 8-21 at enrollment were evaluated with a detailed cognitive and psychiatric assessment. A sub-sample of 1445 participants received multi-modal neuroimaging at Penn.
Here we describe the study design and methods of the neuroimaging component of the PNC. We summarize other study components, which will be fully described elsewhere. We focus in this report on the neuroimaging recruitment process, neuroimaging methods, and informatics systems of the PNC. We conclude by discussing the PNC in relation to other large-scale neuroimaging initiatives, describe the data-sharing policies of the PNC, and introduce ongoing and planned follow-up studies. Taken together, the PNC will form a valuable, publically available resource for the study of both normal and pathological human brain development.
Study overview
The PNC is a large-scale initiative that seeks to describe how genetics impact trajectories of brain development and cognitive functioning in adolescence, and understand how abnormal trajectories of development are associated with psychiatric symptomatology. Accordingly, psychiatric and cognitive phenotyping was performed on a sample of n = 9428 participants ages 8-21; a sub-sample (n = 1445) of these participants received multimodal neuroimaging as described here (Fig. 1 ). All participants were drawn from a pool of approximately 50,000 subjects who had already been genotyped by the Center for Applied Genomics at the Children's Hospital of Philadelphia. The participants were from the greater Philadelphia area and selected at random after stratification by sex, age, and ethnicity. Participants had been previously enrolled in a genomics study at CAG and they and/or their parents had provided informed consent (assent) to be re-contacted for participation in additional studies such as this one. The institutional review boards of both the University of Pennsylvania and the Children's Hospital of Philadelphia approved all study procedures.
Initial participant contact and study inclusion criteria
Participants were first mailed a letter that described the study, followed by a telephone call. The purpose of the phone call, which followed a prescribed script, was to establish that the potential participant is still interested in participation and was able to participate by meeting the following minimal inclusion criteria: (a) able to provide signed informed consent (for participants under age 18 assent and parental consent were required); (b) English proficiency; and (c) physically and cognitively able to participate in an interview and computerized neurocognitive testing. The inclusion bar was set at a minimal level in order to ensure that the child can provide useful data, but children at this stage were not otherwise screened out for any specific medical or psychiatric disorder. Thus, the overall sample consists of children who came for pediatric care, gave blood for genomic studies, and consented to be contacted for future studies. Most subjects came for primary care in one of the many CHOP-affiliated clinics throughout the Delaware Valley, but the sample could be somewhat enriched by children with more complicated illnesses who received care at CHOP. Thus, the overall sample was not screened for neurological or other deficits except for such that would result in damage severe enough to cause failure to meet the inclusion criteria (e.g., pervasive developmental disorder, mental retardation, or intracranial lesions that impact the sensory, motor or mental ability to be tested). However, participants with medical problems that could impact brain function were excluded from neuroimaging (see below). Notably, the sample is not enriched by people with behavioral disorders or those who seek out participation in research by responding to advertisements. Cognitive and psychiatric assessment was conducted at home (68.8% of participants) or in the laboratory (31.2%), according to family and subject preference.
Inclusion criteria for neuroimaging
Genotyped participants who completed the initial cognitive and psychiatric phenotyping were potentially eligible for enrollment in the neuroimaging arm of the study. However, subjects were only enrolled in the neuroimaging portion of the study if they did not meet certain additional exclusion criteria. These included medical problems that could impact brain function or compromise the ability to complete the neuroimaging tasks, claustrophobia, or implanted ferrous metal (see Table 1 for details). Neuroimaging was performed in coordination with psychiatric and cognitive assessment on a separate study visit, so that on average subjects were imaged 3.3 months after assessment was completed.
Genomics
All genotyping was performed at the Center for Applied Genomics as previously described. Of the 1445 samples recruited for the imaging (Hakonarson et al., 2007 ) studies 657 were genotyped on the Illumina HumanHap 610 array; 399 on the Illumina HumanHap 550 array; 281 on the Illumina Human Omni Express array and 108 on the Affymetrix Axiom array. Samples were recruited randomly from the pool of genotyped samples, so it is unlikely that there is a genotype/phenotype platform bias. All genetic data will be imputed to the same 1KGP reference. However, data from different platforms (e.g., Affymetrix versus Illumina) will be analyzed separately and then combined using meta-analysis.
PNC assessments
As every participant who underwent neuroimaging was recruited from the super-set of subjects for whom medical, cognitive, and psychiatric data was available, the phenotyping available for all imaged subjects is unusually deep for a study of this scale. While the focus of this paper is on the neuroimaging component of the study, the subject-level measures are briefly summarized here. (For further details on the cognitive and psychiatric assessment, see Gur et al. (2012) ).
Computerized neurocognitive battery
As previously described (Gur et al., 2012) , the 1-hour Penn computerized neurocognitive battery (Penn CNB) was administered to all participants. The CNB consists of 14 tests that were adapted from tasks applied in functional neuroimaging studies to evaluate a broad range of cognitive domains. These domains include executive control (abstraction (Gur et al., 2010) and mental flexibility, attention, working memory), episodic memory (verbal, facial, spatial) , complex cognition (verbal reasoning, nonverbal reasoning, spatial processing), social cognition (emotion identification, emotion intensity differentiation, age differentiation) and sensori-motor and motor speed. Except for the latter two tests that only measure speed, each test provides measures of both accuracy and speed. As described in detail in Gur et al. (2012) , the CNB is sensitive to both age and sex differences in this sample.
Psychiatric assessment
Psychopathology was assessed using a computerized structured screener (GOASSESS) that was developed from a modified version of the Kiddie-Schedule for Affective Disorders and Schizophrenia. The psychopathology (Kaufman et al., 1997) screener allows symptom and criterion-related assessment of mood, anxiety, behavioral, eating Welding without safety goggles, injury of metallic object without proper treatment General MRI contraindications Biomedical implants, current pregnancy, dental work (e.g., braces), neurological tic disorders severe enough to prevent staying still in a scanner, piercing that was not removable, known abnormal brain anatomy, significant number of amateur tattoos disorders and psychosis spectrum symptoms and substance use history. Collateral informants were included for children b18. Quality control was maintained through rigorous training, certification and monitoring. Finally, in contrast to the assessment described above that was administered on a separate study day from the imaging session, because of the known influence of anxiety on certain functional imaging phenotypes, anxiety was assessed using the State-Trait Anxiety Inventory (STAI; (Spielberger et al., in press) ). The STAI was administered both immediately before and after the scanning session using a web-based iPad © interface.
Neuroimaging recruitment
It is hard to overstate the logistical challenges involved in imaging nearly 1500 adolescent participants in a 30-month period on a single scanner. From the outset, recruitment was among the biggest challenges of this study. The recruitment strategy was adapted based on initial experience, where 30% of subjects scheduled for imaging did not arrive for their appointment.
Prior research indicates that this no-show rate, while high, is not atypical. In clinical research, reported rates of no-show range from 10 to 30% (Goldman et al., 1982; Lehmann et al., 2007; Neal et al., 2001 ). The present study had many "risk-factors" for a high no-show rate, including an adolescent sample, a racially and socioeconomically diverse subject pool, and a wide geographic catchment area (Lehmann et al., 2007; Neal et al., 2001) . In response to these obstacles, the recruitment process was comprehensively revised and a dedicated imaging recruitment team, whose sole responsibility was to recruit subjects and manage the imaging schedule was established. This restructuring significantly increased the number of subjects scheduled and also lowered the no-show rate. Key adjustments included evening and weekend scanning to accommodate adolescent schedules, as well as a system of overbooking imaging slots based on no-show rate data to ensure full utilization of available scanning slots.
In total, PNC neuroimaging recruiters contacted nearly 6000 of 8500 eligible participants who completed psychiatric and cognitive assessment (Fig. 2) . Of the 1409 subjects scheduled for MRI as part of the revised recruitment strategy, only 16% did not arrive for their scheduled appointment, representing a nearly 50% decline in the no-show rate. As displayed in Fig. 3 , the final sample imaged (n = 1445) included a broad range of subjects in the critical late childhood through adolescent period; the sample was well balanced at each age bin by sex (Fig. 3A) . Furthermore, the sample included relatively even proportions of Caucasians and AfricanAmericans (Fig. 3B) ; the diversity of the participants in the PNC is one of its major strengths.
Neuroimaging
In contrast to several other recent large-scale neuroimaging efforts (Biswal et al., 2010; Brown et al., 2012; Jack et al., 2008; Schumann et al., 2010) , all imaging data from the PNC were acquired at a single site, on a single scanner, in a short period of time that did not span any software or hardware upgrades. Conversely, unlike other largescale single-site studies (Nooner et al., 2012; Van Essen et al., 2012) , due to the demanding recruitment goals and the short study timeline, there was not a dedicated development phase. Accordingly, product sequences were used, with the only exceptions being the perfusion and B0 mapping sequences, which were based on customer written routines (see below). The MRI protocol was comprised of scans designed to obtain information on brain structure, perfusion, structural connectivity, resting state functional connectivity, working memory function, and emotion identification. A measurement of static magnetic field inhomogeneity (B0 map) was also performed. The parameters of each sequence are described in Table 2 . All scans were acquired with a straight magnet axial orientation (i.e. non-oblique). The total scanning time of the entire protocol was 50 min, 32 s. Scanner stability was monitored routinely over an 18-month period by calculating the mean temporal SNR using one of the BOLD sequences (fractal n-back sequence, see below) with a standard Siemens cylindrical phantom doped with nickel sulfate (see Fig. 4 ).
Mock scanner
Prior to scanning, in order to acclimate subjects to the MRI environment and to help subjects learn to remain still during the actual scanning session, a mock scanning session was conducted using a decommissioned MRI scanner and head coil. Mock scanning was accompanied by acoustic recordings of the noise produced by gradient coils for each scanning pulse sequence. During these sessions, feedback regarding head movement was provided using the MoTrack motion tracking system (Psychology Software Tools, Inc, Sharpsburg, PA). Motion feedback was only given during the mock scanning session.
MRI scanner
All MRI scans were acquired on a single 3T Siemens TIM Trio wholebody scanner located in the Hospital of the University of Pennsylvania. The system operated under the VB17 revision of the Siemens software. Signal excitation and reception were obtained using a quadrature body coil for transmit and a 32-channel head coil for receive. Gradient performance was 45 mT/m, with a maximum slew rate of 200 T/m/s.
Magnetic field mapping
The main magnetic field (i.e. B0) was spatially mapped using a double-echo, gradient-recalled echo (GRE) sequence. Both magnitude and phase images were selected for image reconstruction since it is the phase signal which contains information about the magnetic field. Care was taken to ensure that the B0 shim settings were identical for this acquisition and subsequent BOLD scans. Furthermore, the Siemens advanced shim option was selected. This option performs multiple passes of the automated shim current optimization, resulting in improved magnetic field homogeneity across the brain. Since the Siemens product B0 mapping sequence did not support this option at the time this study was begun, a user-modified version of the multi-echo GRE sequence that enabled this feature was used instead. The field-of-view of this scan was chosen to be larger than that of the BOLD scans so that the obtained field map covered all of the volume of interest in all BOLD runs.
Structural MRI
Brain structural imaging was obtained using a magnetization prepared, rapid-acquisition gradient-echo (MPRAGE) sequence. Receive coil (i.e. B1) shading was reduced by selecting the Siemens prescan normalize option, which corrects for B1 inhomogeneity based on a body coil reference scan. Image quality assessment (QA) was performed using visual inspection, which primarily focused on identifying excessive subject motion (Table 3 ).
Functional MRI
Both task-based and resting-state BOLD scans were acquired with a single-shot, interleaved multi-slice, gradient-echo, echo planar imaging (GE-EPI) sequence. In order to reach steady-state signal levels, the sequence performed two additional dummy scans at the start of the sequence. These scans were not saved to the image database. The imaging volume was sufficient to cover the entire cerebrum of all subjects, starting superiorly at the apex. In some subjects, the inferior portion of the cerebellum could not be completely included within the imaging volume. The selection of imaging parameters was driven by the goal of achieving whole brain coverage with acceptable image repetition time (i.e. TR = 3000 ms). A voxel resolution of 3 × 3× 3 mm with 46 slices was the highest obtainable resolution that satisfied those constraints. Higher spatial resolution could have been obtained by adopting parallel imaging acceleration (e.g. GRAPPA), but pilot studies revealed undesirable decreases in BOLD activation with this option.
These acquisition parameters were used in three separate runs, including two task-related scans and one resting-state scan. Tasks were selected to probe working memory and affective functioning, which have been implicated in a wide range of psychiatric disorders. Tasks were administered in a counter-balanced order across the course of the study. As a probe of working-memory function, we used a fractal version of the standard n-back task (Ragland et al., 2002; Satterthwaite et al., 2012a) . The task was chosen because it has been shown to be a reliable probe of the executive system, and has the advantage of not being contaminated by lexical processing abilities that also evolve during development (Brown et al., 2005; Schlaggar et al., 2002) . The task involved presentation of complex geometric figures (fractals) for 500 ms, followed by a fixed interstimulus interval of 2500 ms. This occurred under three conditions: 0-back, 1-back, and 2-back, producing different levels of WM load. In the 0-back condition, participants responded with a button press to a specified target fractal. For the 1-back condition, participants responded if the current fractal was identical to the previous one; in the 2-back condition, participants responded if the current fractal was identical to the item presented two trials previously. Each condition consisted of a 20-trial block (60 s); each level was repeated over three blocks. The target-foil ratio was 1:3 in all blocks with 45 targets and 135 foils overall. Visual instructions (9 s) preceded each block, informing the participant of the upcoming condition. The task included a total of 72 s of rest while a fixation crosshair was displayed, which was distributed equally in three blocks of 24 s at beginning, middle, and end of the task. Total working memory task duration was 11.6 min. The emotion identification task is an extension of prior studies in our laboratory (Gur et al., , 2007 . It employs a fast event-related design with a jittered inter-stimulus interval (ISI). Subjects viewed 60 faces displaying neutral, happy, sad, angry, or fearful expressions, and were asked to label the emotion displayed. Briefly, the stimuli were color photographs of actors (50% female) who volunteered to participate in a study on emotion. Actors were coached by professional directors to express a range of facial expressions. For the present task, a subset of intense expressions was selected based on high degree of accurate identification (80%) by raters. Each face was displayed for 5.5 s followed by a variable ISI of 0.5 to 18.5 s, during which a complex crosshair (that matched the faces' perceptual qualities) was displayed. Total emotion identification task duration was 10.5 min.
During the resting-state scan, a fixation cross was displayed as images were acquired. Subjects were instructed to stay awake, keep their eyes open, fixate on the displayed crosshair, and remain still. Total resting state scan duration was 6.2 min.
BOLD image quality was extensively assessed through custom written software that calculated the following QA metrics: temporal signalto-noise ratio (tSNR), subject motion, global signal spike rate, and global signal drift. Voxel-wise tSNR was computed for all brain voxels by dividing the mean time course voxel amplitude by its standard deviation. Overall imaging session tSNR was computed as the average tSNR over all brain voxels. Subject motion was computed using the motion parameter estimations returned by the FSL mcflirt routine. The six motion parameters at each time point were converted to a time course measure of the relative RMS voxel displacement (Jenkinson et al., 2002) . Finally, the temporal average of this time course displacement signal was used to represent overall subject motion for the session. This metric is termed the mean relative displacement (MRD), and is expressed in mm. As seen in Fig. 5 strong relationship was present between tSNR and subject motion. This relationship persisted even when tSNR was computed from the motion correction image data. Earlier, we (Satterthwaite et al., 2012b) and others (Power et al., 2011; Van Dijk et al., 2011) have demonstrated that subject motion is of particular concern for rsfc-MRI data. Optimized processing techniques substantially mitigate the impact of motion (Satterthwaite et al., 2013) ; nonetheless a more stringent inclusion criteria for imaging data quality may be advisable (see Table 3 ).
Diffusion-weighted MRI
Diffusion weighted imaging (DWI) scans for the purpose of measuring apparent water diffusion were obtained using a twice-refocused spinecho (TRSE) single-shot EPI sequence. The sequence employs a fourlobed diffusion encoding gradient scheme combined with a 90-180-180 spin-echo sequence designed to minimize eddy-current artifacts (Reese et al., 2003) . The sequence consisted of 64 diffusion-weighted directions with b = 1000 s/mm 2 , and 7 scans with b = 0 s/mm 2 . The imaging volume was prescribed in straight magnet axial orientation with the top most slice just superior to the apex.
DWI is typically a poorly tolerated sequence, primarily due to the gradient induced table vibrations. In order to reduce the continuous duration for which the subject was required to tolerate the scan, the DWI sequence was broken into two separate imaging runs. Consequently, a 64-direction set (Jones et al., 2002) was divided into two independent Fig. 4 . Scanner stability. Scanner stability was monitored by calculating the mean temporal SNR of the fractal n-back BOLD sequence with a standard Siemens cylindrical phantom doped with nickel sulfate. In ongoing analyses, due to the deleterious effects of motion on connectivity data, a more stringent exclusion criterium of MRD N0.2 mm or N20 displacements over 0.2 mm has been used, resulting in a sample of n = 1018. sets, each with 32 diffusion-weighted directions (see Supplementary material). Each sub-set was chosen to be maximally independent, such that they separately sampled the surface of a sphere. In addition, direction set 1 contained 3 b = 0 acquisitions, and direction set 2 contained 4 b = 0 acquisitions. Image QA of the DWI data was primarily assessed by visual inspection (Table 3) . Rarely, two artifacts were noted in the DTI data. Less common was image striping caused by sub-optimal gradient performance, which was the result of mechanical vibrations at the interface of the gradient cables and the magnet bore. On several occasions during the course of this study, these connections required either replacement or repair by Siemens service engineers. More commonly, images failed QA due to signal dropout caused by the interaction of subject motion and diffusion encoding.
Perfusion MRI
Brain perfusion was imaged using a custom written pseudocontinuous arterial spin labeling (pCASL) sequence (Wu et al., 2007) . The sequence used a single-shot spin-echo EPI readout. Parallel acceleration (i.e. GRAPPA factor = 2) was used to reduce the minimum achievable echo time. The arterial spin labeling parameters were: label duration = 1500 ms, post-label delay = 1200 ms, labeling plane = 90 mm inferior to the center slice. The sequence alternated between label and control acquisitions for a total of 80 acquired volumes (40 labels and 40 controls), with the first acquired volume being a label. The slices were acquired in ascending, non-interleaved order to avoid slice ordering confounds associated with interleaved schemes. In order to ensure that all slices had a similar post-label delay, slices were acquired in a compressed scheme immediately following the post-label delay, as opposed to distributing the slice acquisitions evenly throughout the TR period.
Perfusion image QA was assessed using the same tSNR and subject motion measures described for the BOLD scans (Table 3) , with the addition of a visual QA of each image. While spin-echo pCASL has the advantage of a higher SNR than gradient-echo pCASL, due to the large chemical shift of fat in the phase-encoding direction, it was observed that residual fat signal resulted in erroneous CBF quantitation, primarily in inferior occipital regions. We are developing methods to mitigate this effect, which will be described in detail in a separate report.
Informatics and data management
Given the large quantity of data and the rapid timeline of the study, systematic procedures for data management and automated quality assurance were of critical importance. Here, we highlight several of the innovative solutions deployed as part of the PNC, including systems used for subject recruitment, image transfer, image QA and archiving, and data tracking (Fig. 6) .
Recruitment
Given the ambitious recruitment goals, information systems to ensure an organized recruitment effort were necessary. As part of the revised recruitment strategy (see above), each communication with the participant and/or parent/guardian was logged digitally within a custom FileMaker database. This database contained all information necessary to determine eligibility and exclusion criteria, including fields for demographics, MRI compatibility, and medical exclusion criteria. All participant contacts were logged along with any relevant notes and outcomes (e.g. excluded, not interested, scheduled). Current status in the study was clearly indicated and dynamically updated (for example, "Trying to Schedule," "Scheduled", "Completed", etc). Participants were scheduled into open imaging slot using a customized iCal © server that was updated every 5 min.
Real-time image export
All dicom images generated by the MRI scanner were transferred automatically to an external hard drive using the Siemens real-time export feature. This feature sends dicom images from each sequence immediately upon completion of the scan, without the need of user interaction. Additionally the dicom files are sorted and named into a file structure allowing unambiguous identification of the subject, scan date and image series. The file structure was automatically backed up to a remote storage location via automated scripts executed nightly.
Custom XNAT instance with protocol matching
The dicom image data was imported into a customized instance of the XNAT imaging informatics platform (Marcus et al., 2007) . This included a customized front-end that checked the incoming dicom files for adherence to a template MRI protocol. This front-end (called QLUX) was written in the java programming language, and compared key imaging parameters (e.g. TR, TE, resolution, flip angle, etc.) of the incoming data to a pre-defined template in order to identify any errors or deviations from the scanning procedure. Scanning sessions that successfully matched the template were then automatically imported into the XNAT database. Datasets that contained errors in the protocol were flagged for manual review. Image quality metrics (motion, tSNR) were calculated automatically. The QLUX interface also associated subject responses in the fMRI tasks to the imaging data within the XNAT database. Log files from fMRI tasks were scored by a custom, handvalidated Java-based application that uses an XML description of the task stimuli, possible responses, and the classification of responses to calculate and store the scores within XNAT. Basic image processing utilized tools that are part of FSL and AFNI (Cox, 1996), and was completed within the XNAT framework using NiPype (Gorgolewski et al., 2011) and PyXNAT (Schwartz et al., 2012) . Highly accurate registration of T1-weighted structural images to template space was achieved using DRAMMS (Ou et al., 2011) . Additional processing will be tailored to the specific goals of a given analysis and be discussed in detail elsewhere.
Error checking and ID validation
A custom PHP-Based Web Application (called FLUX) was developed that alerts team members if an MRI has been completed but was not uploaded into the XNAT instance. FLUX also functions to remind the acquisition team members if assessment data was uploaded to the central FileMaker GOASSESS instance. In addition, the FLUX system mines the CNB, GOASSESS, XNAT, and enrollment databases for digit transposition, omission, or addition errors by combining the most commonly entered information in each (IDs, Age, Date of Birth, Gender) to ensure consistency across all data types. In cases where the data mismatches occurred, team members were alerted for manual review.
Discussion
While the PNC is notable in many respects, it is neither the only nor the largest study of neurodevelopment. Below we consider the PNC in relation to other prior or ongoing efforts, describe PNC data-sharing policies, and introduce ongoing and planned follow-up studies.
Relationship to other large-scale neuroimaging initiatives
At the outset, neuroimaging studies were typically of very small size, and used to localize within-subject perceptual (Kwong et al., 1992; Ogawa et al., 1992) or cognitive (Braver et al., 1997; Casey et al., 1995) manipulations. Studies of individual or group differences required larger sample sizes, but these were frequently still feasible for a single investigator. However, as neuroimaging research increasingly aims to parse cognitive function and psychiatric pathology on a dimensional basis (Insel et al., 2010) and relate brain-imaging phenotypes to genomics (Bigos and Weinberger, 2010; Pine et al., 2010) , much larger sample sizes are required.
Several large-scale imaging initiatives have been completed or are ongoing. Nonetheless, the diversity of imaging and subject data available and focus on neurodevelopment differentiates the PNC from existing resources. For example, the Alzheimer's Disease Neuroimaging Initiative (ADNI; Jack et al., 2008) has become an incredible asset to the neuroimaging community, but primarily includes older adults. The Icelandic study of healthy aging provides a similarly ambitious resource (Harris et al., 2007) to study brain aging. Alternatively, the International Neuroimaging Data-sharing Initiative (INDI; Mennes et al., 2013) and the 1000 Functional Connectomes Project (Biswal et al., 2010) have aggregated 1000 freely-provided rsfc-MRI scans covering the lifespan from many contributing institutions. Despite heterogeneity in acquisition protocols and substantial site effects, recent work has demonstrated the power and utility of this approach (Biswal et al., 2010; Zuo et al., 2010) . Additionally, the Genome Superstruct Project Choi et al., 2012; Yeo et al., 2011) has rapidly grown to be one of the largest imaging samples available through standardization of basic imaging sequences (structural, low-resolution DTI, rsfc-MRI) among multiple participating institutions and investigators, quickly amassing over 2000 scanning sessions from a mainly young adult sample. The ongoing Nathan Kline Institute Rockland Sample (NKI-RS; Nooner et al., 2012) will provide multi-modal neuroimaging and a very detailed phenotypic characterization in a sample of over 1000 subjects covering the entire lifespan (ages 6-85). Perhaps most ambitiously, the Human Connectome Project (HCP; Van Essen et al., 2012) combines both cutting-edge methods development and a very large sample size (n = 1200 younger adult subjects from 300 sibships) to provide an unprecedented level of detail regarding the adult brain's connectome. One notable feature that the PNC shares with both the NKI-RS and the HCP is that all data are collected on a single system, minimizing noise introduced by site-related variability.
While the studies described above primarily consider adult subjects, several other large-scale studies of brain development exist. These include collaborative efforts such as the Saguenay Youth Study (Pausova et al., 2007) and the NIH study of normal brain development (Evans and Brain Development Cooperative Group, 2006) . Both of these are very large studies of neurodevelopment that primarily focused on structural neuroimaging measures. In contrast, ongoing studies such as Pediatric Imaging, Neurocognition, and Genetics Study (PING, Brown et al., 2012) and the IMAGEN study (Schumann et al., 2010) include multimodal neuroimaging and a host of phenotypic measures. Both of these efforts are multi-site, but otherwise in aims and scope the PNC is closely related. Clearly, for the complex problems being studied, aggregation across multiple large-scale datasets will often be required.
Data sharing
Establishing the PNC as a publicly available resource for the study of brain development was one of the principal aims of the initiative. As noted elsewhere (Bis et al., 2012; Biswal et al., 2010; Gorgolewski et al., 2013; Mennes et al., 2013; Milham, 2012; Nooner et al., 2012; Stein et al., 2012) , data sharing is a prerequisite for the collaboration necessary to gain traction towards understanding complex phenomena such as the neurodevelopmental origins of psychiatric illness. Furthermore, the richness of the data that are part of the PNC is certain to outstrip the expertise of any single research group; appropriate utilization of the PNC as a resource will require the perspectives of many investigators with complementary expertise. Accordingly, all non-identifying data acquired as part of the PNC will be made public and freely available to qualified investigators through dbGaP (Mailman et al., 2007) .
As for other dbGaP resources, access to detailed subject-level genotypic and phenotypic data will require that qualified investigators submit to a data usage agreement to guard subject confidentiality in accordance with the terms of the original informed consent document signed by subjects (Mailman et al., 2007) . Data in dbGaP will include genomic data, summary measures from the CNB, item level data from the GOASSESS interview, anonymized dicom images, and imaging task log files. The compressed size of a single subject's data is approximately 250 MB. Potentially identifying data such as free text response fields from the clinical interview were removed prior to entry into dbGaP.
Ongoing follow-up studies and future directions Notably, because imaged participants represented a random subsample of the super-set of subjects who were cognitively and clinically assessed, imaging data are not available for many individuals who described symptoms of interest, such as psychosis-spectrum symptoms or depression. Accordingly, two additional studies seek to acquire imaging data on participants who endorsed psychosis-spectrum symptoms (PIs: Gur and Hakonarson) or a history of depression (PIs: Gur and Merikangas) in their GOASSESS interview, thus providing a sample that is enriched for participants of particular interest. Through these efforts, approximately 200 additional participants with psychosisspectrum symptoms and 150 participants with depression will be imaged using the protocol described here.
Despite the large scale and deep phenotyping of the PNC, one of the main limitations of this study is its cross-sectional design. As illustrated using both simulated data (Kraemer et al., 2000) and as seen in prior studies of neurodevelopment (Evans and Brain Development Cooperative Group, 2006; Giedd et al., 1999; Gogtay et al., 2004; Raznahan et al., 2010) , longitudinal data are needed for understanding trajectories of normal and abnormal brain development. Accordingly, 200 typically developing adolescents are currently being followed with longitudinal imaging using the protocol described here; approximately 100 participants with psychosis-spectrum symptoms will likewise be re-imaged longitudinally.
While the PNC imaging protocol described above provides a great diversity of brain phenotypes in a brief, well-tolerated 1-hour scanning session, such time constraints inevitably led to other measures of interest not being collected. Accordingly, both typically developing (n = 75) and psychosis-spectrum (n = 75) participants will be recruited for a follow-up study that focuses on amygdala dysfunction and the circuitry of fear conditioning (P50MH096891; PI: RE Gur) . Furthermore, in order to relate reward system dysfunction to dimensional symptoms of anhedonia across categorical boundaries of diagnosis (Insel et al., 2010) , participants with mood and/or psychotic symptoms will be imaged using dedicated tasks to probe the reward system (n = 100 total; K23MH098130; PI: Satterthwaite). Finally, olfactory dysfunction in a sample of participants who endorsed psychosis-spectrum symptoms will be evaluated using an innovative combination of behavioral, molecular (using tissue from nasal biopsy), and neuroimaging probes (e.g., dedicated imaging of the olfactory bulb; NIMH R01MH099156; PI: Turetsky). Together, the combination of longitudinal follow-up, targeted recruitment, and complementary measures obtained by additional protocols will substantially enhance the richness of data available.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.neuroimage.2013.07.064.
